



















Reply to Comment on: Non-perturbative finite T broadening of the rho meson
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In this reply we address concerns raised by Riek, van Hees and Knoll in [2] regarding the applica-
tion of Φ-derivable resummation schemes to the study of the broadening of the ρ-spectral function
due to the π− ρ interaction in [1]. We show that the finding of considerable in-medium broadening
of the ρ-meson persists.
PACS numbers: 25.75.-q,11.10.Wx
Keywords: Vector mesons, dileptons, self-consistent approximations
In [1] we found indications of considerable broaden-
ing of the ρ-meson spectral function at finite tempera-
ture due to the ρ − π interaction in a non-perturbative
treatment, i.e. a Φ-derivable self-consistent resummation
scheme. Such large broadening does not occur in pertur-
bative approaches.
As discussed in section III of [1] Φ-derivable approx-
imations can lead to the violation of Ward-Takahashi
identities at the two-point and higher-order vertex func-
tions. In general those approaches cannot guarantee the
4-transversality of the spectral function (and the self-
energies). A practical many-body resummation scheme
beyond the Φ-derivable approach that respects all Ward-
Takahashi-identies and gauge symmetries is not known.
Instead we discussed two methods to partly overcome
these difficulties: one method uses a certain gauge
(Rξ → 0) in the Stu¨ckelberg formalism and guarantees
4-transversality only on the level of the spectral func-
tion (scheme I) whereas the other method, introduced by
Knoll and van Hees (KvH) [3], enforces 4-transversality
also for the self-energy by disregarding its temporal com-
ponents (scheme II in [1]).
Both projection methods address the original problem
only partially [1] since projection I does not guarantee 4-
transversality for the self-energy and the KvH-projection
violates constraints between the temporal and spatial
components of the self-energy (Eq. (A12) (c,d,e,f) of [1]
are not fulfilled). In order to address systematic errors
associated with the choice of the projection method, we
calculated finite width effects on the ρ-meson within both
schemes and found considerable broadening as compared
to perturbative calculations on the one-loop level [1]. The
broadening is more pronounced in scheme I than in the
KvH method [1, 2].
In discussions with the authors of [2] a shortcoming of
the Φ-derivable resummation with those projection meth-
ods was brought to our attention: for projection I the
spatially longitudinal self-energy component ΠL exhibits
a singularity (see Eq. (A11b) in [1]) which leads to con-
siderable spectral strength of ρL in the vicinity of the
light-cone p0 → |~p| whereas the KvH projection method
induces substantial spectral strength in the vicinity of
p0 → 0 (see Eq. (A12 b) in [1]). Riek, Knoll and van
Hees try to analyze this further and claim [2] that the
spectral strength of ρL in the vicinity of the light cone in
approach I leads via self-consistency to a stronger overall
broadening of the ρ-meson’s spectral function which is
said to be unphysical. They try to make this conclusion
plausible by studying the spectral strength arising in the
ρL (and ρ
00) component near p0 → |~p| and p0 → 0 in the
two approaches [2].
In order to address these concern, we have studied the
sensitivity of the results of [1] to the spectral strength
ρL in the possibly problematic kinematical regions of the
projection methods and its influence via self-consistency.
If those regions were the reason for the observed broad-
ening, exluding their contribution via truncation of the
spectral function in each self-consistent iteration should
lead to a substantial decrease of the ρ width. Here we
focus on the results for the ρL and ρT components as
they are directly connected to observables, e. g. the
dilepton production rate. We also have shown that in
both projection methods the Dyson-Schwinger-Eqs. can
be solely expressed as functionals of these components
and the pion spectral function [1].
The analysis in detail: We employ two different
regularization techniques, namely (1) disregarding con-
tributions stemming from ρL from certain kinematical
problematic regions (that is treating ρL as if those re-
gions were zero while iterating the integrals) and (2) us-
ing exclusively the one-loop result for ρL. We solve the
resulting set of Dyson-Schwinger equations employing (1)
and (2) self-consistently and discuss differences and sim-
ilarities for the results of the broadening effects on the
ρ-meson in comparison to the results obtained in [1]. For
comparison, we choose a temperature of T = 160 MeV.
We emphasize that employing (1) is meant as a test if
the broadening of the ρ-meson is driven by contributions
from not-truncated kinematic regions, not as a cure for
the violation of Ward-Takahashi identities. In (1) we ex-
clude the region P 2 < (300 MeV)2 for method I and the
region P 2 < 0 for the KvH-method in the ρL compo-
2nent. We refer to the projection methods that have not
been altered by (1) or (2) as the full methods. For pro-
cedure (2) only the spectral component ρT and the pion
spectral function are determined self-consistently since
ρL is calculated on the one-loop level for all energies and
momenta. Self-consistent broadening of the ρ-meson in
comparison to one-loop loop results is in this case only
reflected in the ρT component.
In both full schemes considerable spectral strength of
the pion spectral function is dragged to low energies.
This effect is strong in the KvH-method and somewhat
less severe in method I. Despite substantial influence on
the pion-spectral function on which projection method
and regularization is applied, the broadening of the ρ-
meson is robust. We show results for the ρT component
of the ρ-meson spectral function for different projection
methods and regularizations in Fig. 1. The full lines
represent the calculation of the spectral function as in [1]
within projection method I (blue curves) and the KvH-
method (red curves), dashed lines indicate regularization
(1). The green line shows the result for regularization (2)
where ρL is taken solely on the one-loop level. All other
results show considerably more broadening in the vicinity
of the ρ-mass than the results in the full KvH-method.
This also holds true for cuts at other momenta |~p|. It
should be noticed that for regularization (1) and (2) the
ρT -component is between the results for the full projec-
tion I and the full KvH-projection in the lower mass re-
gion (100 MeV <∼ M
<
∼ 500 MeV). At higher invariant
mass M >∼ 1000 MeV the strength is higher for regular-
ization (1) and (2) than in the case of the full projections.
The spatially longitudinal component ρL is for momenta
|~p| <∼ 400 MeV and M
>
∼ 300 MeV close to their cor-
responding ρT -component in all cases (not shown). For
M < 300 MeV the projection I leads to considerable more
spectral strength for the ρL component (cf. Fig. 4 in [1])
than for the ρT component. This can be traced backed to
the fact that the self-energy is not 4-d transverse and is in
this sense specific to the projection method I. We empha-
size that the regularization (1) demonstrates that spec-
tral strength of the ρL component in the M < 300 MeV
region does not artificially induce strong broadening of
ρT (see Fig. 1) or ρL for M > 300 MeV. Differences
between the projection methods emerge at higher mo-
menta. In the KvH-projection method the results for ρL
with regularization (1) indicate (as for ρT ) significantly
more broadening than in the full method.
Conclusions: The application of Φ-derivable ap-
proaches to the case of massive vector bosons leads to the
violation of Ward-Takahashi-identities [1]. Riek, Knoll
and van Hees point out [2] that the projection I intro-
duced in [1] and the KvH-projection method [1, 3] suffer
from an artificial enhancement of spectral strength in the
ρL component in the vicinity of the light-cone or for small
energies and suggest that the broadening observed in [1]
might be an artefact of the shortcoming of the projec-
tion methods. We find that although the details of the
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FIG. 1: (Color online) Self-consistent result for the spatially-
transverse spectral component of the ρ-meson at a fixed mo-
mentum of |~p| = 100 MeV. Differences between the calcula-
tions are discussed in the main text. Note the considerably
narrower ρ-peak in the full KvH projection method.
the pion spectral function and the ρL-component in the
specific kinematical region, the principal findings of con-
siderable spectral broadening persist when the regular-
izations are employed. In no case a ρ width compatible
with perturbative results is found. The application of
the full KvH-projection method even leads to ρT and ρL
narrower than in any other scheme.
Our analysis indicates that the broadening reported
in [1] is robust and not caused by unphysical modes as
suggested in [2]. We also point out that considerable
broadening of the ρ-meson spectral function on the same
order as found in [1] due to the π − ρ interaction is also
observed in other approaches [4]. We do not see indica-
tions that these or our findings constitute a violation of
chiral symmetry as claimed in [2].
We acknowledge discussions with H. van Hees, J.
Knoll, F. Riek, B. Mu¨ller, D. H. Rischke, and D. D. Di-
etrich.
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